Summary
BACKGROUND: Measles persists worldwide despite the implementation of general vaccination campaigns. The environmental and demographic characteristics in many prisons increase the risk of measles epidemics. A large proportion of inmates come from countries where immunisation coverage is low. We aimed to estimate the susceptibility to measles among prisoners in order to implement preventative measures. METHODS: Serology screening for measles was carried out among 116 inmates in Switzerland's largest pre-trial prison. Socio-demographic characteristics were collected through a structured questionnaire. Risk factors for lack of measles immunity were examined. RESULTS: A total of 7 out of 116 (6%) inmates were not immune to measles. All 37 inmates from sub-Saharan Africa were immune. Considering only people native from regions other than sub-Saharan Africa, 7 of 40 inmates born after 1981 were susceptible (18.5%), whereas none of the 39 inmates born in 1981 or before were susceptible (p = 0.006). CONCLUSION: Susceptibility to measles was fairly low in this prison population composed mainly of migrants. Living in sub-Saharan Africa during childhood, and birth before 1982 were protective factors associated with the presence of immunity against measles. The heterogeneity of vaccination campaigns in the various regions of the world, particularly in terms of the timing of their introduction and scale of diffusion, explains epidemiological variability. Targeted vaccination in accordance to origin and age would offer excellent herd immunity and would substantially reduce risks of outbreaks as well as costs.
Introduction
Measles is a highly contagious viral disease and the attack rate in susceptible exposed individuals is 75% [1] . Complications are more frequent if infection occurs during adulthood, leading to serious debilitation and even death [2] [3] [4] [5] .
In 1998, the World Health Organisation's (WHO) member states adopted the goal of eradicating measles in Europe by 2010. However measles still persists on this continent despite the intensification of general vaccination campaigns. Switzerland has one of the poorest levels of immunisation coverage and one of the highest annual incidence rates of measles in Europe [6] . The current measles epidemic shows no sign of decline [7] . According to the WHO, target levels of susceptibility have been set for measles elimination in Europe with age group stratification. The target susceptibility for adults is set at 5% [8] [9] [10] . In Western Europe, before the beginning of mass vaccination programmes in the late 1960s, large and frequent outbreaks induced a high morbidity during childhood but led to excellent acquired immunity in adult populations. Mass vaccination reduced the amplitude of epidemics, but resulted in non-negligible susceptibility in adulthood since vaccination coverage is incomplete and unvaccinated people mostly remain non-immune. Unvaccinated people also often remain susceptible due to lowered virus circulation after a large-scale vaccination has been introduced [11] . Thus, it is well known that, in Western Europe, people born before 1963 have a high probability of being immune to measles contrary to younger people [7] . According to Coetze and De Jani, a similar trend exists in developing countries [12, 13] . However, we made the hypothesis that the cut-off date for increased susceptibility to measles is likely to be later than 1963 in developing countries since the implementation of vaccination campaigns started later and was less effective than in Western Europe. The environmental and demographic characteristics in confined institutions, particularly in prisons, explain the high risk of measles epidemics. Large proportions of inmates are migrants who come from countries where vaccination coverage is low and whose susceptibility rates are unknown. Moreover, the potential for dissemination is high in overcrowded conditions [1, 14] and outbreaks of measles have been documented in various prisons in Western countries [15, 16] . It is important to identify specific groups at risk for measles and to tailor health information and preventative measures specifically for these groups. Catch-up vaccination campaigns among identified groups who are not immunised can dramatically close immunity gaps [17] . We aimed to estimate the susceptibility to measles and its risk factors among inmates in the largest Swiss pre-trial prison in order to estimate the risk of measles outbreaks and develop policies and guidelines for health services in prisons.
Methods

Setting
This cross-sectional study took place in April 2009 in Geneva, where Switzerland's largest and most overcrowded (184% in 2009) pre-trial prison accommodates 540 prisoners, 243 prison officers and 37 health care workers.
Data collection and statistical analysis
In April 2009, the opportunity to investigate the susceptibility to measles was taken when all prisoners in contact with an index case of chickenpox, regardless of their origin or other criteria, had a blood test [18] . Measles IgG antibody titers were measured by enzyme-linked fluorescent assay (Vidas, BioMérieux). A structured questionnaire was used to collect self-reported information on socio-demographic characteristics (nationality, place of main schooling, year of arrival on the Western European Continent / in Switzerland) and questions related to history of measles and vaccination (Have you ever been infected by measles? Are you vaccinated against measles?). No vaccination card was available to ascertain immunisation status. All inmates gave written consent. The study was approved by the ethical research committee (CER 09-137) of the University Hospitals of Geneva. Univariate analyses were used to assess risk factors associated with measles-susceptibility. Risk factors and confounders were established a priori. For age, the cut-off year (1981) corresponded to the start of widespread mass vaccination campaigns in various regions of the world (e.g. Balkans, North Africa). For sub-Saharan Africans, this cut-off was not adopted as large-scale vaccination campaigns were generally ineffective until the turn of the 21st century in their origin country. Categorical variables were statistically compared with chi-square test or Fisher's exact test, when appropriate (using OpenEpi, version 2.3). In order to investigate the hypothesis postulating that people from sub-Saharan Africa, as well as older people from other regions have higher acquired immunity to measles, one-tailed tests were used. The presented 95% intervals for proportion are the so called exact (Clopper-Pearson) confidence interval (CI) calculation (Stata release 11, College Station, TX). A multivariate analysis was not feasible given the seroprevalence of 100% among those born before 1981, regardless of origin. We therefore proposed a stratified analysis according to age.
Results
Study population
We identified 116 male inmates who had been in contact with the index case of chickenpox. All consented to participate in the study. As shown in table 1, median age was 27 years (range 20-57) and emigration from their country of origin occurred on average 6 years before incarceration (range 0-23). Africa and the Balkans were the main regions of origin, whereas a minority of inmates originated in Western Europe, Latin America or Asia.
Prevalence of measles susceptibility
This cross-sectional prevalence study identified a negative serology, hence a susceptibility to measles, for 7 out of 116 prisoners (6% CI95% 2.5-12.0). All 37 inmates from sub-Saharan Africa were immune (CI95% 0-9.5) (table 2). Considering only people native from regions other than sub-Saharan Africa, 7 out of 40 inmates (18.5%, CI95% 7.3-32.8) born after 1981 were susceptible, whereas none of the 39 inmates born in 1981 or before (CI95% 0-9.0) were susceptible, which is a statistically significant difference (p = 0.006) (table 3) . Susceptibility by origin was also significant when considering people from all regions (p = 0.034). The proportion of young people (born after 1981) was higher among inmates from sub-Saharan Africa (62%) than from other regions (51%). If age were a confounding factor, we would expect seroprevalence to be lower (not higher as was observed) in the sub-Saharan group (table 2) . All 17 inmates who reported a history of measles vaccination and all 13 with a positive self reported history of measles were immune. Seven responded positively to both questions. The positive predictive value (PPV) of these two questions was 100%. fig. 1 ). In our prison, for example, this 62% reduction of vaccinations for 3000 prisoners yearly would imply annual cost savings of 72'000 Euros.
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Discussion
This is the first study of measles susceptibility in a prison setting and amongst adult migrants in Switzerland. In this rather young and cosmopolitan prison population, susceptibility to measles was fairly low (6%). In our study, inmates susceptible to measles were only found among people born after 1981 and originating from regions other than sub-Saharan Africa. These results are coherent with the expected impact of vaccination campaigns according to the region of the world [19] [20] [21] [22] [23] [24] and with the susceptibility observed among adult migrants in Canada [25] .
Measles epidemiology varies greatly throughout the world. The origin of a person is an important factor to consider in institutions such as prisons where the majority of inmates come from countries outside of Western Europe. Depending on the region of the world, we can expect differences among age groups due to heterogeneity in the implementation of vaccination campaigns, particularly in terms of the timing of introduction and the level of vaccine uptake. In the Balkans, vaccination campaigns against measles were implemented in the early 1970s. Although, vaccination coverage rates were below 90% for the first dose of measles in ex-Yugoslavia until the mid-1980s [19] . In this region, epidemics have virtually disappeared, giving way in recent years to a few resurgences within Rom populations whose vaccination coverage was low [19, 20] . In Northern Africa, large-scale measles vaccination campaigns started in the 1980s. In 1990, the immunisation coverage rate was 84% according to United Nations data [21] . This corroborates our findings: 16% and 21% of young adults from the Balkans and from Northern Africa, respectively, were susceptible whereas all older adults native from these regions were immune.
In our study, all people from sub-Saharan African countries were immune against measles. This reflects the fact that in most of these countries, large-scale vaccination campaigns were generally ineffective until the turn of the 21 st century [22] . Poor vaccination coverage throughout the past century resulted in large-scale epidemics. Almost everyone was infected in childhood and thus acquired im- munity. However, changes might be coming: in 2001, the countries of the WHO African Region took part in a global initiative aimed at reducing the number of measles deaths. Between 2001 and 2008, the estimated coverage for the first dose of measles vaccine increased from 57% to 73%. Concomitantly, the number of reported measles cases decreased by 93% [22] . Currently, all adult sub-Saharan African populations generally have excellent immunity regardless of age. However, even if the vaccination campaigns currently ongoing in sub-Saharan Africa continue to be effective, susceptibility to measles will probably paradoxically increase from 2020 onwards among unvaccinated, less exposed young adults. Only few inmates in our prison were from Latin America or Asian countries. According to the analysis of the implementation of vaccination campaigns in these regions [23, 24] , susceptibility among South American adult migrants is expected to be comparable to Northern African or Eastern European populations, and among Asians there is quite a similar situation to sub-Saharan Africans migrants. Studies estimating the susceptibility to measles amongst adults in developing and transitional countries are scarce and incomplete. Only one study has investigated this parameter among immigrants. In a study on migrants and refugees in Canada, Greenaway reported heterogeneity depending on the regions of origin. For example, a significant difference of susceptibility was noticed between adults from the Balkans and Eastern Europe compared to adults from sub-Saharan Africa (8% versus 1%) [25] . We identified that all individuals who stated they had been vaccinated and/or had had measles were seropositive (PPV 100%). Nevertheless, recall bias has to be considered. The literature reports conflicting results: some studies suggest a positive correlation between history and seroprotection [26] , while other studies report a lack of reliability for this information [27] [28] [29] . To our knowledge, no previous studies have evaluated this topic in prison settings. Confirmation of our observations would possibly further improve the targeting of susceptible populations. A strength of this study is the ideal participation rate of 100% and the fact that an important health issue was investigated in an underserved population. Limitations relate to the sample size, which limits the power of the study, in particular the data concerning self-reported history of disease and vaccination. In addition, a multivariate analysis was not feasible because of seroprevalence of 100% in some subgroups. Nevertheless, our results were reinforced by a stratified analysis and are consistent with relevant data documented in the literature, particularly amongst migrants and refugees in Canada. This study consisted entirely of male participants. Results can therefore not be readily applied to females. Additionally, we studied a single facility in one country. Thus our findings may not necessarily be generalisable to other detention centres in other countries. Yet we hypothesise that the immunity profile described here would be comparable to other detention centres where the sociodemographic profile corresponds to that described here. The study population was similar to that of other pretrial prisons in Switzerland, which are also characterised by high proportions of migrants (81.4%) and males (94%) [30] . Another limitation relates to the study design, as this was a convenience sample and not a random sample. Country of origin or age would not be possible to randomise, so the observational versus randomised statement is less relevant than the sampling method. Recruitment bias was probably minor as the prisoners included in the study concerned an entire section of the prison and represented one fifth of the prison population. Furthermore, all agreed to participate and no policy of attribution of cells according to the origin of the prisoners or any other criterion exists. Although the representativeness is not guaranteed for all Swiss prisons, the discussed reasons lead us to believe that this convenience sample was representative for the largest pre-trial prison in Switzerland.
Conclusion
Epidemiologic heterogeneity enables targeted measles vaccinations of people according to their region of origin and their age, particularly amongst migrant adults in confined institutions whose characteristics differ from the general population. This allows vaccination efforts to be focused on individuals with the highest risk in order to achieve optimal herd immunity, to reduce the risk of measles outbreaks and lower vaccination costs. Our case study of a Swiss prison suggests that measles vaccinations must be targeted specifically on adult migrants born after 1981 originating from transitional and developing countries outside sub-Saharan Africa. This is the current reality and will evolve in the future: for example from 2020, a catch-up vaccination should be proposed to young unvaccinated sub-Saharan African adults. Large-scale immunisation campaigns were initiated in 2001 in their home country and unvaccinated people often remain susceptible due to a lowered virus circulation after vaccination is introduced. This is the only data available in Switzerland concerning measles immunity among inmates. Data collection should be repeated and confirmed in larger studies with broader prison populations, including post-trial prisons. Standard guidelines continue to apply to all Western Europeans born after 1963. Strategies to update vaccination programmes for foreign-born adults must be developed. Efforts to improve immunity rates within the migrant populations not only limit the risk of outbreaks within closed institutions, but also help in protecting the community outside the prison. 
